Abstract. This study focuses on the impacts of climate changes by applying a conventional general circulation model (HadCM3) to report the output subscale of LARS-WG using HadCM3 statistical model. We have used SWAT model to study the changes in the runoff volumes of the Chehel-Chai basin.
Introduction
Climate changes are known to cause alteration in the duration, intensity, form, and timing of rainfall in many areas. Consequently, droughts and flooding would be immanent in the nearby areas. On the other hand, water resource management programs have been affected by the rapid climate changes more often in the recent years. Since 1995 numerous research and modeling studies have focused on forecasting the impacts of rapid climate changes on water resource plans. As large-scale global climate models are based on the defined networks (150 to 300 km) they would not be applied directly to assess the hydrological models.
Among a few detailed models one might identify the Atmospheric-ocean general circulation models coupled type (AOGCM). The model is designed and developed at the Hadley Centre, UK. The resolution of this model is 2.75 by 3.75 degrees (IPCC, 2007) . The model is described by (Gordon et al., 2000; Pope et al., 2000) . HadCM3 consists of two components, namely Oceanic and Atmospheric HadAM3 (atmospheric model) and HadOM3 (the ocean), which has an ice-sea model. This model requires the setting surface flux. Based on a calendar year (365 days and 30 days of month) this model has a high resolution oceanic components. Another advantage of this model is its good coordination between the atmosphere and the ocean.
Steele-Dunne et al. (2008) examined impact of climate change on the hydrology of river flow using ECHAM 5 general circulation models and emission scenarios A1B. By application of the conceptual rainfall-runoff model HBV-Light, they were able to evaluate the future river flow on 9 basins located in Ireland. Varanou et al. (2003) examined changes of quantity and quality of runoff in a basin in central Greece using SWAT model to show the reduction of flow as well as the increase of the nitrogen concentration.
As Yu et al. (2002) , Chen et al. (2011) and Dhar and Mazumdar (2009) show the effect of climate change on water resources would be an increase in temperature for prolonged periods of time along with the impact of the increased CO 2 on the river runoff volumes in several regions drastic changes in daily rainfall;
Studies elsewhere have shown that rapid climate changes would also impact plant growth, irrigation time, and runoff volumes (Ficklin et al., 2009) .
In a study in Taiwan Lin et al. (2010) developed an annual warning indicator to assess the impact of climate change on water resources. The study shows the annual changes impose significant impacts on the ground water system by changing the temperature, precipitation, as well as other variables such as evapotranspiration. Koutroulis et al. (2013) studied the impact of climate change on a regional Greek water resource. They have concluded that owed it is necessary to improve and update local water management planning and adaptation strategies in order to secure future water supplies.
Nkhonjera (2017) provided a review about Understanding the impact of climate change on the dwindling water resources of South Africa. In general, the factors such as lack of political will, climate modelling constraints, and uncertainties in both climate and hydrological modelling are of particular importance that they feature highly in climate change impact analysis studies. Results showed diversity in climate model simulations should be seen as a positive attribute and a judicious selection, configuration, and calibration of these hydrological models need to reduce uncertainties in hydrological modeling.
Inouye et al. (2017) assessed parameters of Climate Impacts on water Resources in Idaho. A new scenario was developed to assess the range of impacts by developing a model of the river basin and two another quantitative models (a system dynamics model and a spatially-explicit integrated model) in order to explore research. Seiller et al. (2017) studied the Influence of three common calibration metrics on the diagnosis of climate change impacts on water resource. In that investigation, based on thirty-seven Canadian catchments, three common objective functions (focusing on different sections of time series), and twelve lumped conceptual hydrologic models, aim to provide insight on this specific contribution to the uncertainty cascade. Results from this study show that the choice of an objective function, between pairs of common options, can clearly affect our interpretation of the impacts of climate change on water resources. Furthermore, these conclusions are dependent on the hydrologic model, illustrating the need for water managers to evaluate their operated model and studied catchments to appraise the predictability of their hydrological system and estimate their confidence level. Nepal (2016) 
The Study Area
The Chehel-Chai basin, with an area of 25.683 hectares is located at the 55 23 -55 38 longitude and 36 59 -37 13 latitude. As a subdivision of the great Gorganrood basin, this basin is located within the city boundary of Minoodasht in Golestan Province and has a minimum and maximum elevation of 190 m and 2570 m above the sea level. Fig. 1 shows the location of Chehel-Chai basin. 
The Model
In order to gather the runoff data of the study area as one of the main inputs of the model, we used the DEM map, the land use map, and the soil map, (Figs. 2-4 respectively).The meteorological data was collected and prepared in ArcGIS 10.3 for entry into the model. We used also the moisture content, saturated hydraulic conductivity, and soil bulk density based on the available data. The CROPWAT data were obtained using the available database of the soil texture. The minimum and maximum monthly temperature ranges of the study area are provided in Figs. 5 and 6 respectively. Table 1 shows other physiographic parameters used in the model. 
HadCM3 Climate models
In statistical method of determining optimal function, large-scale climate variables have been simulated by general circulation models in future periods, these functions are applied as input variables in the surface. In this method, a statistical relationship using simple regression, multivariate, neural networks and stations between actual behavior and general circulation model output is generated. After verification, these equations can be used in downscaling projections of future emission scenarios. In this study, in order to study climate change from a traditional to HadCM3 general circulation models and downscaling to weather generator LARS-WG statistical model was used.
LARS-WG for simulation of wet and dry periods, rainfall and solar radiation, distribution of the quasi-experimental uses the following form:
That histogram consists of 10 floors and each floor is defined in [a i-1 , a i ) ed, so a i-1 <a i and h i frequency of observed phenomena, ith is on the floor. In this research initially to calibrate and verify models and scenarios, the criteria NSE, RMSE and R2 were used. Followings are the relations for the presented criteria:
where: O i : observational data, S i : Estimated data, and observed data and estimated mean, σ is the variance.
First, LARS-WG model was calibrated for the base period 1982-2010, and then by restarting the calibrated model, the validation was used for the base period. The results of calibration and verification data and the observed small-scale temperature and precipitation are presented in Table 2 . According to Nash-Sutcliffe coefficient of determination and capability indices, the model has a good capability in down-scaling the regional temperature data and the region precipitation in future periods. After securing the model simulation results, the maximum temperature variables (Fig. 7) and minimal ( Fig. 8) and precipitation ( By comparing the average values of the maximum temperature specified in Fig. 7 it is obvious that the maximum temperature in all three rounds will be higher than the base period. (Rise in temperature to 0.82 degrees' Celsius maximum temperature 0.37) In all three scenarios the highest maximum temperature will occur in 2011-2030 period, however, for future periods, during the period 2080-2099 all three scenarios are lower than the maximum temperature will be two periods of 2011-2030 and 2046-2065.
In Fig. 8 , the minimum temperature in all three rounds will be higher than the base period. (0.31 to 0.70 degrees' Celsius rise in temperature, at least) In all three scenarios the maximum temperature will occur at least in the period 2011-2030, however, for future periods, during the period 2046-2065 all three scenarios are lower than the minimum temperature in two periods 2011-2030 and 2080-2099.
In Fig. 9 by comparing the average values of rainfall it is clear that precipitation in all three rounds will be higher than the base period (Increased precipitation between 2.34 to 35.89 mm) and rainfall amounts will increase over time. In all three scenarios, the most precipitation will occur over the period 2080-2099, however, for future periods, during the period 2011-2030 all three scenarios are less than two periods 2046-2065 and 2080-2099.
Flow simulation using the SWAT
SWAT distribution model was used to assess the impact of climate change on hydrology of Chehel-Chai basin. This model is sensitive to changes of Earth and climate. Hydrological cycle, which in this simulation model is based on water balance equation is as follows:
(Eq.5)
In this regard SW t is final amount of water in the soil (mm), t-time (days), SW o -the amount of water in the soil (mm), R day -amount of precipitation in day i (mm), Q surfamount of surface runoff in day i (mm), E a -evapotranspiration in day i (mm), W seepamount of water in the soil profile penetrated in the cortical area (mm) and Q gw -flow back in the day i (mm)
In this regard, after the gathering and preparation of needed meteorological data and maps, according to the initial values of the parameters, SWAT continuous rainfallrunoff model for the base period of the years 1982-2010 was calibrated and validated. Additional SWAT CUP was used for model calibration software. During the study period to simulate the runoff of years to calibrate the model and year period (2010-2001) were selected for validation period. Then, the effects of climate change and global warming on the hydrological basin in future periods were evaluated.
In simulation using the model it is necessary to indicate the parameters that output of the model shows the most sensitivity and for the calibration of the model, the sensitive parameter should only be used. For this purpose, after the initial implementation of the model to analyze the sensitivity of the effect of various parameters on model outputs was based on objective function of Nash-Sutcliffe.
This software with the observed data and parameters to modify, the changes range for each parameter identified and covered most of the measured data, the minimum thickness of the strip uncertainties may follow. using coefficients R2, NS, RMSE, P-factor and R-factor between observed and simulated data was performed ( Table 4) . In the calibration, results in 95% confidence level for the validation process is shown in Fig. 11 . Amounts related to the accuracy of model is provided in Table 5 , which indicates the proper functioning of the model. After calculating average temperatures, minimum, maximum, radiation and precipitation, the effect of climate on Chehel-Chai basin was found. Then the model for the base period of continuous rainfall-runoff SWAT was calibrated and validated. In the next step to assess the impact of climate change on runoff was investigated. Given that situation in the future time series (under the impact of climate change) the objectives of this study was, therefore, to obtain the time series , daily meteorological parameters related to SWAT model was replaced in future and by applying the calibration parameters in the base period was predicted for time series period. River flow scenarios predicted values over AIB, A2 and B1 in the period 2011 to 2030 (Fig. 12) , 2046-2065 ( Fig. 13) and 2080-2099 (Fig. 14) is provided.
Figure 11. Simulated and observed values with the confidence interval for validation period
Variable rate long-term average for the base period (1982 to 2010) and future periods (2011 to 2030, 2046 to 2065 and 2080 to 2099) during climate scenarios SRA1B, SRA2 and SRB1 is presented in Table 6 .
In all three scenarios the highest rate in the period 2080-2099 will occur in future periods, however, for future periods, during the period 2046-2065 all three scenarios rate less than two periods 
Conclusion
Assessment of climate change impacts on water resources is carried out in two steps. In the first step changes in temperature, rainfall was investigated in the second phase the change in runoff by SWAT model output step was carried out. Results are as follows: parameters that have to be removed and only be used for model calibration and sensitivity parameters. As a result, the order of 10 parameters including number curve, soil evaporation coefficient, the coefficient α to save waterborne Channel coast, the rate of temperature change with height in the suburbs, the average temperature for the rain turning to snow, the temperature of melting snow, the rate of change of temperature with height, coefficient of penetration determination to deep aquifer and feeding percentage of deep groundwater from shallow aquifers showed the greatest sensitivity. These results clearly show that the number of curves that are associated with land use change, are most susceptible to runoff.  After the calibration and validation of models based on super critical parameters, performance evaluation model using coefficients R 2 , NS, RMSE, P-factor and R-factor between observed and data was simulated. The results in this section in calibration and validation step indicated that the model efficiency coefficient (Nash-Sutcliffe) was positive and correlation coefficient was greater than 0.6 and RMSE value was too low. Therefore, this model has a good ability to simulate water flow in the time period.  Comparing the long-term average annual rate, it is clear that all three rates in the future will be less than the base period (reduction rate of 0.122 to 0.153 cubic meters per second). In all three scenarios the highest rate in the period 2080-2099 will occur in future periods, however, for future periods, during the period 2046-2065 all three scenarios rate less than two periods, 2011-2030 and 2080-2099. Varanou et al. (2003) research using the SWAT model observed that the current decline will occur in the future. Although research results (Ficklin et al., 2009) showed that the precipitation and evapotranspiration are decreased, but it seems to be the opposite of Chehel-Chai River basin. So that the results showed that temperature and precipitation and runoff is reduced. Despite the increased rainfall, rising temperatures will lead to increased evapotranspiration, which will lead to reduced flow in rivers. However, the issue of excessive exploitation from water sources can be known related.
